Abstract: This paper presents a numerical study for predicting the steam ejector performance for different pressure ratios. The considered steam ejector operates at small pressure ratios of back to motive pressures. Both the suction and motive fluids are regarded to be dry steam. Due to low pressure created by the motive steam nozzle flow, entrainment of steam to be mixed with motive steam where both resume flowing toward the ejector exit. Mass ratio of suction to motive flows is an important element to describe the ejector performance.The present study aims to optimize the steam ejector efficiency that runs at different pressure ratio for each suction pressure. The variation of the mass ratio and ejector efficiency with the ejector back pressure at different values of the suction pressure and constant motive pressure, also a variation of the mass ratio and ejector efficiency with the ejector back pressure at different values of the motive pressure and constant suction pressure are investigated. The numerical results are validated with the available experiments from the literature. The results show that the mass ratio is almost constant at low values of back pressure, depending on the suction and back pressures, then the mass ratio decreases sharply with increasing the back pressure. The suction pressure has the positive consequence on the mass ratio. Moreover, the results show that the ejector efficiency increases with increasing the back pressure to gain its upper limit value, subsequently that the efficiency decreases with raising the back pressure. Also, raising the suction pressure will cause an improvement in the ejector efficiency. The value of back pressure at which the maximum efficiency is achieved and its value increases with magnifying the suction pressure.
Introduction
The ejector can be utilized for different purposes because of its simple construction and easy operation. High pressure driving fluid in the ejector is known as motive fluid. The driving motive fluid flows through a motive nozzle to suck the suction fluid. The two fluids are mixed in the mixing duct and then the mixture flows through the diffuser where the pressure recovery occurs. Ideally, there is an exchange of momentum at this point producing uniformly mixed stream flow travelling at an intermediate velocity between the motive and suction velocities. A tail diffuser is installed to reduce the resulting velocity gradually and convert the exit kinetic energy from the mixing chamber to a pressure with a little loss as possible. For many years, the computational fluid dynamics (CFD) technique has proved to be an efficient tool for flow field analysis and ejector performance predictions. A number of CFD investigations have been carried out to study the effect of ejector geometry on its performance, e.g. nozzle exit position (NXP), the area ratio of nozzle throat to constant area section, and the length of constant area section before and after the throat [1] [2] [3] [4] [5] [6] [7] [8] . Yang et al [9] presented numerical investigation on the mixing process in a steam ejector with different * Faculty of Engineering, Menoufia University, Egypt; m_s_farag@sh-eng.menofia.edu.eg
Paper: ASAT-17-069-PP 2/9 nozzle structures at the same conditions. They found that the ejector performance and mixing characteristics are significantly altered by ejector. Sriveerakul et al [4, 10] presented a CFD for predicting the steam ejector for refrigeration applications. They discussed the effect of operational and geometric parameters of the steam ejector performance and they found that ejector performance is significantly affected by these parameters. Also, both the ejector operating conditions, and ejector geometries were found to affect its performance. So, justification of the ejector geometry is likely needed for unusual applications [11, 12] . The ultimate objective of the present work is testing the steam ejector performance working at low pressure ratios. The main parameters of the steam ejector are the suction to motive mass ratio and its efficiency. This preliminary work can declare the possibility for utilizing the steam ejector with MED/MFD systems. Also, it will may provide desalinated water at lower pressure and temperature instead of superheating the steam.
Mathematical Model
This section includes the main equations which describe the flow behavior through the ejector. In the present study the theoretical model is formulated based on some assumptions such as: single phase (superheated steam) flow, two-dimensional and compressible flow. We consider a horizontal ejector and the flow is statistically steady and axisymmetric. The water vapor is an ideal gas and its thermodynamic properties vary with temperature. Also, the water vapor flow as a single phase with no condensation.
The conservation of mass or continuity equation can be written [13, 14] ( ) ( ) ( )
The equations for momentum conservation are
Here and are the source terms for momentum in and directions, respectively, and
⃗
The conservation of energy in statistically steady cylindrical coordinate systems are defined as.
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where ̿ is the turbulent shear stress tensor, ⃗ ⃗ is the velocityvector and is the energy source term.
In the above equation, ( ) where is the sensible enthalpy and for compressible flows it is defined as ∑ and ∫ where is the reference temperature and equal to 298.15 K. the steam ejector efficiency can be given by [15, 16] .
where, are the enthalpies for the back, suction and motive steam respectively.
is the mass ratio of suction to motive mass flow rates.
Turbulence Modelling
The realizable model [13, 14, 17 ]was used to model turbulence in the present simulation. Moreover, it is found the this model provides a superior performance of the flows involving rotation, boundary layer under strong adverse pressure gradient and separation that is likely found in steam ejector [10, 13, 14] . The realizable model differs from the standard k-ε model in two important parameters. The realizable contains a new formulation for the turbulent viscosity. Moreover, the realizable k-ε derived a new transport equation for the dissipation rate, . has been derived from an exact equation for the transport of the meansquare vorticity fluctuation. The governing equations for the turbulentkinetic energy and the dissipation rate are
In these equations, represents the generation of turbulent kinetic energy due to the mean velocity gradients and is the generation of turbulence kinetic energy due to buoyancy. The contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate has been neglected. and are user-defined source terms. In the above equations, As discussed earlier, the special feature of realizable model is that is not a constant, and it is calculated as,
Here, ̅ is the mean rate of rotation tensor, viewed in a moving frame with angular velocity and √ , 
Solution Procedure
The finite volume solver, FLUENT 6.3 [11] , is used to obtain the numerical solution of the two-dimensional axisymmetric compressible Reynolds averaged Navier-Stokes (RANS) equations in connection with the realizable k-ε model for closure of the RANS equations.
The considered steam ejector used in the present study is constructed of the primary nozzle and the ejector. The primary flow is strongly accelerated in the nozzle and hence the secondary flow is induced through the ejector. The main geometrical parts are the secondary inflow, mixing chamber, throat and diffuser as shown in Figure 1 . The discretized equations along with the initial condition and boundary conditions are solved using the segregated solution method for the segregated solver. The conservation of mass and momentum are solved sequentially and a pressure correction equation is used to ensure the conservation of momentum and the conservation of mass (continuity equation). The generated computational mesh for the considered steam ejector simulation corresponds to the measurements of [4, 10] . The effect of grid refinement on the quality of results is tested in the present study of steam ejector, in which 6200 nodes for the first nozzle part and 16950 nodes for the second mixture part which makes a grid total number of 23150 nodes. For ideal steam flow, the saturation properties (temperature and pressure), are considered at the flow inlet. The outlet pressure boundary condition is identified at the exit. Since the flow is axisymmetric about the ejector center line, only the upper half is considered for the CFD computations. 
Results and Discussion
The ejector performance is mainly characterized by mass ratio and the ejector efficiency.A well designed steam ejector is that can deliver the maximum attainable mass ratio with higher efficiency.The operating conditions and design geometry of the considered ejector can be found in Ref. [4, 10] . Figure 2 presents the code validation based on the experimental data provided by Sriveerakul [4, 10] . Fig. 2 shows clearly that the presented code is able to predict the ejector performance. Also, it shows that the mass ratio is constant with back pressure increment until a certain value; in this case it is 38.5 millibars. This value is called break down point. By increasing the back pressure higher than the breakdown point a reversed flow region dominated at the ejector exit. That results in delivering the steam flow back to the suction inlet and the ejector finally malfunctions.Figures3 and 4 represent the effect of increasing the suction pressure on the mass ratio and ejector efficiency, respectively. Raising the suction pressure results in magnifying the difference between the pressure at the nozzle exit and suction pressure, which leads to performance enhancement. Moreover, lowering the suction pressure decreases the mass ratio until reaching a zero mass ratio when the pressure at the nozzle exit is almost equal to 0.012 bar. The mass ratio is almost constant with the back pressure increment until it reaches the break down point where it decreases due to reverse flow at the ejector exit as shown in Fig. 3 . The ejector efficiency is enhanced significantly with increasing the back pressure to thebreakdown point. The operation lines in Figs. 3 and 4 can be used to take the operational conditions and boundaries for the steam ejector usage.By inspectingthe back pressure for breakdown and maximum efficiency points in Figs. 3 and 4 , it can be figured out that the maximum efficiency point on the operation line is likely to occur just prior to the breakdown point. That is because the back pressure increment increases the ejector efficiency more significant over its mass ratio as provided by Eqn. (5) . The effect of back and motive pressures on the ejector mass ratio and efficiency at suction pressure of 0.06 bar are shown in Figs.5 and 6. It is found that by increasing the motive pressure, the back pressure range for the ejector is enlarged, but its mass ratio diminishes. Moreover, ejector efficiency gets better with increasing the motive and back pressure unit the reverse flow occurrence. Figure 7 represents the velocity vector at pm=2.7 bar and ps=0.125 bar. It is also clear from Fig.7 that severe turbulence is formed due to entrainment at the nozzle outlet. 
Conclusions:
This paper presents a comparison study for testing the steam ejector working in different operating conditions. The CFD code provides a good agreement with the available experiments. The results leads to concluding that, there are operational and geometrical constraints for using the steam ejector.
